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INTRODUCTION 

The h e t e r o g e n e i t y  o f  c o a l ,  t o g e t h e r  w i t h  i t s  complex macromolecular na ture ,  
has  been r e s p o n s i b l e  f o r  much o f  t h e  d i f f i c u l t i e s  i n  e l u c i d a t i n g  i t s  s t r u c t u r e  
and chemical c h a r a c t e r i z a t i o n .  Most methods o f  i n v e s t i g a t i o n  o f  t h e  chemical  
s t r u c t u r e  and p h y s i c a l  p r o p e r t i e s  i n v o l v e  b r e a k i n g  macromolecules i n t o  s m a l l e r  
f ragments by d e p o l y m e r i z a t i o n ,  o x i d a t i o n ,  r e d u c t i o n ,  dehydrogenat ion ,  a c e t  l a t i o n ,  
e t c . ,  which,  f o r  t h e  most p a r t ,  s o l u b i l i z e s  a m a j o r  f r a c t i o n  o f  t h e  coa l  w i i l e  
t r y i n g  t o  p r e s e r v e  a s  much o f  i t s  o r i g i n a l  s t r u c t u r e  as p o s s i b l e .  Depending upon 
t h e  rank o f  c o a l  and t h e  s o l v e n t  used, more t h a n  80% o f  some c o a l s  have been 
s o l u b i l i z e d .  

E f f o r t s  have been made t o  s tudy  t h e  macromolecular s t r u c t u r e  o f  c o a l  as a 
complete e n t i t y  w i t h  s p e c i a l  emphasis on c r o s s - l i n k a g e s .  Techniques a r e  l i m i t e d  
b u t  s w e l l i n g  and D i f f e r e n t i a l  Mechanical Thermal A n a l y s i s  (DMTA) have proved t o  
be power fu l  t o o l s  i n  t h i s  i m p o r t a n t  area. A l though ana lyses  o f  chemica l  f ragments 
and macromolecular s t u d i e s  can g i v e  complementary i n f o r m a t i o n ,  n e i t h e r  approach 
a l o n e  c a n  l e a d  t o  f i n a l  conc lus ions .  No a t t e m p t  i s  r e p o r t e d  i n  t h e  l i t e r a t u r e  t o  
s i m u l t a n e o u s l y  u n d e r t a k e  b o t h  s o l u b i l i z a t i o n  and macromolecular ana lyses .  T h i s  
paper r e p o r t s  t h e  r e s u l t s  of  such an a t tempt .  A i r  o x i d a t i o n  was chosen t o  modify 
t h e  coal  s t r u c t u r e  f o r  s e v e r a l  reasons. 

E l l i o t t  (1) rev iews t h e  c o n t r i b u t i o n s  made t o  t h e  u n d e r s t a n d i n g  o f  coa l  
c h e m i s t r y  by r e s e a r c h e r s  u s i n g  d e s t r u c t i v e  o x i d a t i o n  t o  reduce t h e  macromolecular 
s t r u c t u r e  o f  c o a l  t o  e n t i t i e s  t h a t  can be e x p l o r e d  w i t h  a v a i l a b l e  i n s t r u m e n t a t i o n  
and known a n a l y t i c a l  procedures.  Since a i r  causes t h e  n a t u r a l  o x i d a t i o n  of  coa l  
and because t h e r e  i s  l i t t l e  chance t h a t  any atoms o t h e r  t h a n  oxygen can be i n t r o d u c e d  
i n t o  t h e  c o a l  m o l e c u l e  when i t  i s  used as t h e  o x i d a n t ,  o n l y  a i r  was used f o r  t h e  
o x i d a t i o n s  i n  t h i s  s tudy .  The exper iments  were c a r r i e d  o u t  a t  2OO'C because no 
weight l o s s  was o b s e r v a b l e  upon h e a t i n g  i n  n i t r o g e n  a t  o r  below t h a t  tempera ture .  

There have been many s t u d i e s  undertaken t o  d e t e r m i n e  the  e x t e n t  o f  c r o s s -  
l i n k i n g  i n  t h e  c o a l  s t r u c t u r e  (2,  3 ) .  Most i n v e s t i g a t o r s  b e l i e v e  t h a t  t h e  more 
h i g h l y  c r o s s - l i n k e d  the  c o a l  s t r u c t u r e  i s ,  t h e  l e s s  i t  w i l l  s w e l l  when contac ted  
w i t h  an o r g a n i c  s o l v e n t .  L i o t t a  (4), u s i n g  t e t r a h y d r o f u r a n  on weathered c o a l ,  
showed t h a t  s w e l l i n g  decreased as  t h e  t i m e  o f  weather ing  inc reased.  However, i f  
t h e  n a t u r e  o f  t h e  c r o s s - l i n k s  a r e  such t h a t  hydrogen bonds a r e  r e s p o n s i b l e  f o r  
much o f  t h e  c r o s s - l i n k i n g ,  t h e n  work by H a l l ,  e t  a l . ,  ( 2 )  suggests t h a t  a t t a c k  by 
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a b a s i c  s o l v e n t  may r e s u l t  i n  an i n c r e a s e  i n  s w e l l i n g .  

must be remembered t h a t  d i f f e r e n t  c o a l s  r e a c t  d i f f e r e n t l y  t o  reagents .  The 
r e s u l t s  t h a t  a r e  r e p o r t e d  i n  t h i s  paper may be  a p p l i c a b l e  t o  o t h e r  c o a l s  O f  
s i m i l a r  rank  and even c o a l s  o f  d i f f e r e n t  ranks ,  b u t  no such assumption i s  made i n  
t h i s  s tudy .  

I t  i s  t h e  purpose o f  t h i s  paper t o  n o t  o n l y  p r o v i d e  r e s e a r c h e r s  w i t h  a d d i t i o n a l  
i n s i g h t  i n t o  t h e  macromolecular s t r u c t u r e  o f  c o a l  and i t s  chemical  c h a r a c t e r i z a t i o n ,  
b u t  a l s o  t o  demonst ra te  t h a t  a concer ted  e f f o r t  u s i n g  a v a r i e t y  o f  t e c h n i q u e s  on  
coa l  and i t s  o x i d a t i o n  produc ts ,  can make an i m p o r t a n t  c o n t r i b u t i o n  t o  c o a l  sc ience.  

EXPERIMENTAL 

Coal C h a r a c t e r i s t i c s  

The problem o f  unders tand ing  t h e  s t r u c t u r e  o f  c o a l  i s  a complex one. I t  

- 
The c o a l  sample used i n  t h i s  i n v e s t i g a t i o n  was a Cortonwood coa l  f r o m  t h e  

S i l k s t o n e  seam f u r n i s h e d  by B r i t i s h  Coal (NCB Coal Rank Code 501, I S 0  C l a s s i f i c a t i o n  
634) ground t o  um s i z e .  I m p o r t a n t  c h a r a c t e r i s t i c s  o f  t h e  c o a l  a r e  summarized i n  
Table 1. 

Coal O x i d a t i o n  

i n  a f o r c e d  c i r c u l a t i o n  oven. 

Humic Ac id  P r e p a r a t i o n s  

and p r e c i p i t a t e d  w i t h  0 .1  M HC1. 
f i l t r a t i o n  t o  speed t h e  r e c o v e r y  o f  t h e  humic a c i d s .  Cons iderab le  washing w i t h  
d i s t i l l e d  water  removes any NaCl o r  HC1 absorbed on t h e  humic ac ids .  The humic 
a c i d s  were d r i e d  a t  105'C. 

- 
The c o a l  was o x i d i z e d  i n  a i r  f o r  one, two, f o u r  and s i x  day p e r i o d s  a t  2OO'C 

-- 
W a t e r - i n s o l u b l e  samples o f  t h e  o x i d i z e d  coa l  were e x t r a c t e d  w i t h  0.1 M NaOH 

C e n t r i f u g a t i o n  a t  3500 rpm was used a l o n g  w i t h  

I n f r a r e d  Spect ra  o f  Coals 

A l l  s p e c t r a  were recorded on a N i c o l e t  205 SXB FTIR spec t rometer  u s i n g  K B r  
p e l l e t s .  A l l  samples s u b m i t t e d  were d r i e d  a t  105'C. 

Vo lumet r ic  S w e l l i n g  Technique 

L i o t t a ,  e t  a l . ,  ( 4 )  f o r  measur ing s w e l l i n g  was used. 
samples were c e n t r i f u g e d  a t  3500 rpm i n  6 mm tubes t o  ensure t i g h t  pack ing .  
h e i g h t  o f  t h e  coa l  column was measured t o  t O . O 1  nun u s i n g  a ca the tometer .  
s o l v e n t  was added. The ground g l a s s  stoppered tubes were shaken every  12 hours  
u n t i l  e q u i l i b r i u m  was reached. Constant h e i g h t  r e a d i n g s  o f  t h e  Coal column 
i n d i c a t e d  e q u i l i b r i u m .  A f t e r  e q u i l i b r i u m ,  t h e  tubes were aga in  c e n t r i f u g e d  and 
t h e  h e i g h t  o f  t h e  c o a l  column measured. The s w e l l i n g  r a t i o ,  0, i s  equa l  t o  t h e  
h e i g h t  of t h e  swo l len  c o a l  d i v i d e d  by t h e  h e i g h t  o f  t h e  unswol len  c o a l .  
c i b i l i t y  was found t o  be t 0 . 0 5  which i s  i n  agreement w i t h  t h a t  o f  Green ( 5 )  and 
H a l l  ( 2 ) .  
changes on  o x i d a t i o n ,  s w e l l i n g  was c a r r i e d  o u t  i n  a s e t  o f  s t e r i c a l l y  S i m i l a r  
s u b s t i t u t e d  p y r i d i n e s  o f  d i f f e r i n g  b a s i c i t y .  H a l l ,  e t  a l . ,  ( 2 )  have shown t h a t  
t h e  weaker bases s w e l l  c o a l s  by d i s s o c i a t i n g  weak hydrogen bonds from t h e  macro- 
mo lecu la r  ne twork  w h i l e  t h e  s t r o n g e r  bases s w e l l  c o a l s  by d i s s o c i a t i n g  s t r o n g e r  

The techn ique p e r f e c t e d  by Green, e t  a l . ,  ( 5 )  o f  t h e  procedure developed by 
I n  t h i s  techn ique,  urn c o a l  

The 
Excess 

Reprodu- 

To examine t h e  s t r u c t u r e  o f  t h e  c o a l  hydrogen bonding and how i t  
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bonds f r o m  t h e  s t r u c t u r e .  A p l o t  o f  c o a l  s w e l l i n g  (9)  a g a i n s t  t h e  pKb of t h e  
s o l v e n t s  g i v e s  an i n d i c a t i o n  o f  t h e  hydrogen bond energy d i s t r i b u t i o n  o f  t h e  c o a l .  

Thermal G r a v i m e t r i c  Analyses 

A S tan ton  R e d c r o f t  STA-780 Ser ies  Thermal Ana lyser  was used f o r  thermal 
g r a v i m e t r i c  ana lyses .  
a p p r o x i m a t e l y  6'C t o  20°C min-1  i n  n i t r o g e n  a t  tempera tures  f rom room tempera ture  
t o  100O'C. 

Sample masses o f  12-26 mg was used, w i t h  h e a t i n g  r a t e s  of 

P e t r o g r a p h i c  Techniques 

Ref lec tance was measured a t  546 nm u s i n g  o i l  immersion o b j e c t i v e s  (n=1.518 
The photocathode was an EM1 S -  

The samples were mounted i n  epoxy r e s i n s  and were ground and p o l i s h e d  a c c o r d i n g  
a t  23'C) on a L e i t z  MPV3 Microscope Photometer. 
11. 
t o  the  procedures  p r e s c r i b e d  by Stach, e t  a l . ,  ( 6 ) .  T w e n t y - f i v e  measurements 
were r e c o r d e d  f o r  each sample i n  p o l a r i z e d  l i g h t .  

Resu l ts  and O i s c u s s i o n a l  
Humic Ac T F o r m a t i o n  - - ~  

A s e r i e s  o f  exper iments  were c a r r i e d  o u t  t o  d e t e r m i n e  t h e  r a t e  o f  o x i d a t i o n  
i n  terms o f  humic a c i d  f o r m a t i o n  as a f u n c t i o n  o f  t i m e  o f  o x i d a t i o n .  Table 2 and 
F i g u r e  i shows t h e  y i e l d s  o f  humic a c i d  f o r m a t i o n  versus  t i m e  o f  o x i d a t i o n  w h i l e  
F i g u r e  2 shows a p l o t  o f  t h e  r a t e  o f  humic a c i d  p r o d u c t i o n  versus  t i m e  o f  o x i d a t i o n .  
From F i g u r e  2: t h o  rnaximljm r a t e  o f  hnmic ac id  f o r m a t i o r :  shocl:! occur  ;t 2.3: 
days. O f  t h e  f o u r  p e r i o d s  o f  o x i d a t i o n  used i n  t h e s e  exper iments,  o x i d a t i o n  f o r  
two days showed t h e  maximum y i e l d .  

The n a t u r e  o f  t h e  humic a c i d s  o b t a i n e d  f rom each o f  t h e  samples o x i d i z e d  f o r  
v a r i o u s  l e n g t h s  o f  t i m e  showed no f u n c t i o n a l  g roup d i f f e r e n c e s - - a s  evidenced by 
i n f r a r e d  ana lyses .  
C-H and 0-H s t r e t c h i n g  f r e q u e n c i e s  a t  t h e  2500 cm-1 t o  3500 cm-1 r e g i o n ;  t h e  COO- 
a b s o r p t i o n  a t  1709 cm-1; a romat ic  a n d l o r  hydrogen bonded c a r b o n y l s  a t  1604 and 
1216 cm-1; and t h e  s h o u l d e r  a t  1376 cm-1 u s u a l l y  assigned t o  p h e n o l i c  0-H. 

. 
The s p e c t r a  were c h a r a c t e r i z e d  b y  t h e  v e r y  broad bands c o v e r i n g  

Upon p e t r o g r a p h i c  examinat ion ,  t h e  humic a c i d s  appeared t o  be i s o t r o p i c  with 
a random o r i e n t a t i o n  as ev idenced when i n s e r t e d  i n  c r o s s  p o l a r s  w i t h  a f u l l  wave 
l e n g t h  r e t a r d e r  p l a t e .  The c o l o u r s  were i n v a r i a n t  p u r p l e  d u r i n g  r o t a t i o n  of  t h e  
stage. 
l i g h t .  
s w e l l i n g  and s h r i n k i n g  were e v i d e n t .  
t o  t h e  sample b e i n g  p o l i s h e d  w i t h  r e l i e f .  
i n  the  0 .85  range. 
t i o n .  

The r e f l e c t i v i t y  d i d  n o t  change on s tage r o t a t i o n  u s i n g  p l a n e  p o l a r i z e d  
No p y r i t e  was v i s i b l e  i n  t h e  humic a c i d s .  

The s u r f a c e  was r a t h e r  s o f t ,  p r o b a b l y  due 
Large curved c r a c k s  f rom 

The r e f l e c t i v i t y  was lower  than t h e  c o a l ,  
No v i s i b l e  f luorescence was n o t i c e d  under u l t r a  v i o l e t  e x c i t a -  

To t h e  naked eye, t h e  humic a c i d s  appeared t o  be a b lack ,  c r y s t a l l i n e  s o l i d .  

Because o f  t h e  r e l a t i v e  n o n - v o l a t i l i t y  o f  t h e  c o a l  as w e l l  as t h e  humic 
ac ids ,  mass s p e c t r o m e t r y  d i d  n o t  p r o v i d e  u s e f u l  d a t a  i n  t h i s  i n v e s t i g a t i o n .  
Ins t rument  1 i m i t a t i o n s  prevented  ana lyses  beyond 300°C and thermal  g r a v i m e t r i c  
analyses demonst ra ted  t h a t  t h e r e  was l i t t l e  o r  no weight  l o s s  o f  t h e  coa l  below 
400'C. 

The o x i d i z e d  c o a l  r e s i d u e ,  r e s u l t i n g  a f t e r  t h e  humic a c i d s  were e x t r a c t e d ,  
e m i t t e d  a ye l low-brown f l u o r e s c e n c e  under u l t r a v i o l e t  and b l u e  wavelength e x c i t a t i o n  
d u r i n g  o b s e r v a t i o n s  made when u s i n g  f l u o r e s c e n c e  microscopy i n d i c a t i n g  the  presence 
o f  a l i p h a t i c  hydrocarbons .  A c o n s i d e r a b l e  amount o f  p y r i t e  was v i s i b l e  when 
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viewed under p o l a r i z e d  l i g h t  i n  v a r i o u s  s t a t e s  o f  p r e s e r v a t i o n ,  r a n g i n g  f rom 
p r i s t i n e  t o  a s e v e r e l y  o x i d i z e d  orange s t a t e .  
of t h e  sample t h a t  was o x i d i z e d  f o r  s i x  days was p y r i t e .  Byers ( 7 )  p r e s e n t s  an 
i n - d e p t h  d i s c u s s i o n  o f  t h e  problems caused by p y r i t e s  i n  c o a l  d u r i n g  f u r n a c e  
o p e r a t i o n .  
removing p y r i t e s  f rom many c o a l s ,  smal l  p a r t i c l e s  u s u a l l y  g e t  i n t o  t h e  fu rnace 
r e s u l t i n g  i n  h i g h  s u l p h u r  emissions, s l a g g i n g  and f u r n a c e  problems. 
a t  r e l a t i v e l y  l o w  tempera ture  f o l l o w e d  by an a l k a l i n e  wash may enhance p y r i t e  removal  
from c o a l .  

It appeared t h a t  25-30% o f  t h e  r e s i d u e  

Al though washing and f l o a t  and s i n k  methods have had some success i n  

A i r  o x i d a t i o n  

S w e l l i n g  as a R e s u l t  o f  O x i d a t i o n  

I n  t h e  exper iments  c a r r i e d  o u t  i n  t h i s  study, ev idence i s  p resented  t o  
i n d i c a t e  t h a t  b a s i c  o r g a n i c  s o l v e n t s  can e f f e c t  c r o s s - l i n k a g e s  caused b y  o x i d a t i o n  
because of t h e  f o r m a t i o n  and d e s t r u c t i o n  o f  hydrogen bonds. 

The e f f e c t  o f  o x i d a t i o n  on  t h e  hydrogen bond s t r u c t u r e  can be i n t e r p r e t e d  
from F i g u r e  3. There i s  an i n i t i a l  i n c r e a s e  i n  s w e l l i n g  f rom t h e  f r e s h  c o a l  t o  
t h e  one day o x i d i z e d  c o a l  suggest ing  an i n i t i a l  i n c r e a s e  i n  a l l  s t r e n g t h s  of  
hydrogen bonding. 
bases (pKbc8) b u t  i n c r e a s e s  s w e l l i n g  i n  t h e  s t r o n g e s t  base. T h i s  suggests  t h a t  
weak hydrogen bonds a r e  b e i n g  e l i m i n a t e d  f rom t h e  s t r u c t u r e  and hydrogen bonds 
a r e  be ing  formed t h a t  a r e  n o t  s u s c e p t i b l e  t o  a t t a c k  by p y r i d i n e .  F u r t h e r  o x i d a t i o n  
does n o t  change t h e  d e n s i t y  o f  weak hydrogen bonds t o  any g r e a t  e x t e n t  b u t  s w e l l i n g  
i n  t h e  two s t r o n g e s t  bases inc reases ,  which i m p l i e s  an i n c r e a s e  i n  t h e  d e n s i t y  of 
s t r o n g  hydrogen bonds i n  t h e  s t r u c t u r e .  

When t h i s  d a t a  i s  coup led  w i t h  t h e  i n c r e a s e  o f  humic a c i d  y i e l d  on  o x i d a t i o n  
t h e  i m p l i c a t i o n  i s  t h a t  i n i t i a l  o x i d a t i o n  ( u p  t o  two days) a t t a c k s  t h e  a lkane and 
c y c l o a l k a n e  groups, chang ing  these i n t o  hydrogen bond c r o s s l i n k s  which a r e  r e l a t i v e l y  
weak and c a n  be  broken by t h e  weaker bases. 
i s  a s s o c i a t e d  w i t h  s i g n i f i c a n t  p r o d u c t i o n  o f  humic a c i d s .  
c o n c e n t r a t i o n s  o f  c a r b o x y l i c  a c i d  groups and such groups  may l e a d  t o  s t r o n g  
hydrogen bond ing  i n  t h e  c o a l  m a t r i x .  

O x i d a t i o n  f rom one t o  two days reduces  swe l l i ’ ng  i n  t h e  weaker 

F u r t h e r  o x i d a t i o n  ( a f t e r  two days)  
Humic a c i d s  have l a r g e  

I n f r a r e d  s t u d i e s  appear t o  s u p p o r t  t h e  d a t a  o b t a i n e d  f rom s w e l l i n g  s t u d i e s .  
The o x i d a t i o n  o f  t h e  c o a l  t o  form humic a c i d s  appears t o  be  due i n  p a r t  t o  t h e  
o x i d a t i o n  of  a l i p h a t i c  groups. The i n t e n s i t y  o f  t h e  a l k y l  group band a t  2900 cm- 
1 i s  d i m i n i s h e d  c o n s i d e r a b l y  a f t e r  one day o f  o x i d a t i o n .  Under p e t r o g r a p h i c  
s tudy ,  i n c r e a s e s  i n  t h e  v i t r i n i t e  r e f l e c t a n c e  a long w i t h  inc reased r e f l e c t a n c e  of  
t h e  e x i n i t e  may be due t o  inc reased a r o m a t i c i t y  as t h e  coa l  i s  p r o g r e s s i v e l y  
o x i d i z e d  f o r  one and two days. 
r e f l e c t a n c e  i n d i c a t i n g  t h e  p o s s i b l e  a t t a c k  on aromat ic  s t r u c t u r e .  Tab le  3 shows 
t h e  r e f l e c t a n c e  d a t a  f o r  t h e  u n o x i d i z e d  and o x i d i z e d  c o a l s  and F i g u r e  4 shows t h e  
p l o t  of  t h e  da ta .  
o x i d a t i o n  a t t a c k s  b o t h  t h e  a lkane and c y c l o a l k a n e  s t r u c t u r e  o f  t h e  c o a l ,  some of  
which a c t  as c r o s s - l i n k a g e s  t o  a romat ic  c l u s t e r s .  
r e l a t i v e l y  h i g h  H / C  r a t i o  when compared t o  most medium v o l a t i l e  b i t u m i n o u s  c o a l s .  
The s t r o n g  hydrogen bonds appear t o  be  assoc ia ted  w i t h  t h e  h i g h  d e n s i t y  o f  c a r b o x y l i c  
a c i d s  t h a t  a re  p r e s e n t  i n  t h e  humic ac ids .  
and o x i d i z e d  c o a l s  show a s t r o n g  band formed a t  3418 cm-1 and another  s t r o n g  band 
a t  approx imate ly  1700 cm-1 ap e a r i n g  a f t e r  o x i d a t i o n  f o r  one day i n d i c a t i n g  humic 
a c i d  fo rmat ion .  The 3418 cm-f band i s  c h a r a c t e r i s t i c  o f  s t r o n g l y  hydrogen bonded 
OH groups ( 8 )  and t h e  1700 cm-1 peak i s  c h a r a c t e r i s t i c  o f  COO- f o r m a t i o n  (9, 10, 
11, 12) .  The i n t e n s i t y  o f  t h e  a l k y l  band a t  2900 cm-1 p r e s e n t  i n  t h e  s p e c t r a  o f  
t h e  o r i g i n a l  c o a l  i s  d i m i n i s h e d  c o n s i d e r a b l y  a f t e r  one day o f  o x i d a t i o n .  

A f t e r  two days, f u r t h e r  o x i d a t i o n  decreases  t h e  

F i g u r e  5 shows t h e  h is tograms.  Thus i t  appears t h a t  i n i t i a l  

The Cortonwood c o a l  has a 

The i n f r a r e d  s p e c t r a  o f  t h e  u n o x i d i z e d  
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Using thermal  g r a v i m e t r i c  analyses,  i t  can be demonstrated t h a t  t h e  weight  
l o s s  upon h e a t i n g  t h e  u n o x i d i z e d  Cortonwood coa l  i n  n i t r o g e n  f rom 105'C t o  2OO'C 
and m a i n t a i n i n g  t h e  sample a t  2OO'C f o r  f i v e  m inu tes  r e s u l t e d  i n  no weight  l o s s .  
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  no a p p r e c i a b l e  w e i g h t  l o s s  occu r red  when p y r o l y s i n g  
t h e  coa l  under n i t r o g e n  u n t i l  over 400°C. Only about  32% o f  t h e  c o a l  i s  eve r  
v o l a t i l i z e d  a t  t empera tu res  up t o  950°C. 
thermal  g r a v i m e t r i c  ana lyses  o f  t h e  unox id i zed  c o a l .  
1.9% m o i s t u r e  upon h e a t i n g  f rom room temperature t o  105'C. 

SUMMARY 

F i g u r e  6 shows t h e  r e s u l t s  o f  t h e  
The sample l o s t  l e s s  then 

A i r  o x i d a t i o n  o f  a medium v o l a t i l e  b i t um inous  coa l  a t  2OO'C f o r  s i x  days 
y i e l d s  85% by w e i g h t  humic ac ids .  
a t  2.33 days and decreases i n  a Gausian d i s t r i b u t i o n .  
t e r i z e d  by t h e i r  i n f r a r e d  s p e c t r a  showing a s t rong  band a t  1709 cm-1 f o r  t h e  COO- 
group, t h e  s t r o n g  band a t  1604 and 1216 cm-1 i n d i c a t i v e  of  a romat i c  and/or hydrogen 
bonded ca rbony l ,  and a shou lde r  a t  1376 cm-1 u s u a l l y  ass igned t o  p h e n o l i c  OH. 
O x i d a t i o n  o f  c o a l  r e s u l t s  i n  t h e  f o r m a t i o n  and d e s t r u c t i o n  o f  hydrogen bonds. 
Hydrogen bonds fo rm as humic ac ids  a r e  produced f rom t h e  o x i d a t i o n  o f  a l k y l  and 
a l i c y c l i c  c r o s s - l i n k a g e s  i n  t h e  macromolecular s t r u c t u r e .  Weak hydrogen bonds, 
a l ready  e x i s t i n g  i n  t h e  c o a l  and formed d u r i n g  t h e  o x i d a t i o n  a r e  a t t a c k e d  by 
p y r i d i n e  and l e a d  t o  s w e l l i n g .  S u b s t i t u t e d  p y r i d i n e s  hav ing  pKb va lues  h i g h e r  
t h a n  p y r i d i n e  a r e  a b l e  t o  b reak  s t r o n g e r  hydrogen bonds i n  t h e  o x i d i z e d  c o a l s .  
Pe t rog raph ic  s t u d i e s  and thermal  g r a v i m e t r i c  analyses suppor t  t h e  i n f o r m a t i o n  
generated by t h e  d a t a  ga the red  f r o m  s w e l l i n g  exper iments and i n f r a r e d  a b s o r p t i o n  

The r a t e  o f  o x i d a t i o n  i nc reases  t o  a maximum 
The humic a c i d s  a r e  cha rac -  

1 n.e:t :gat; on. 
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Tab le  1 
C h a r a c t e r i  s t i c s o r t o n w o o d  Coal 

Proximate A n a l y s i s  ( a s  de termined)  
M o i s t u r e  
Ash 
V o l a t i l e  M a t t e r  
F ixed Carbon 

w t  .% mi- 
2.2 

34.7 
62.1 

U l t i m a t e  A n a l y s i s  ( d r y  m i n e r a l  m a t t e r  f r e e  b a s i s )  
Carbon 87.20 
Hydrogen 5.60 

N i t r o g e n  1.70 
Sulphur 0.70 

Oxygen ( d i f f . )  3.9 

T a b l e  2 
Y i e l d  o f  Humic Ac ids  

Time o f  O x i d a t i o n  (days) 
1 

Y i e l d  o f  Humic A c i d s  (%)  

2 1;:: 
4 78.7 
6 85.8 

T a b l e  3 
R e f l e c t a n c e  o f  Unox id ized and Ox id ized 

Cortonwood Coal 

Time o f  O x i d a t i o n  (days) Ref lec tance (% Rmeanr Standard o f  D e v i a t i o n  
0 0. Y1 u.o/ 

1 1.15 0.09 
2 1.27 0.07 
4 
6 

1.19 
1.10 

0.08 
0.08 

348 



E 
i= 
lJi > 
C 
0 

0 3 
U 

a 

.- - 
e 
0 
2 
5 
0 ._ 

I 
2? 

?? 
T 

E 
F 
ui 
C 
0 

0 3 
U 

.- - 
e a 
U ._ 
2 
5 

2 

0 ._ 

I 
0 
0) 

c 

c 

ni 
E 
3 
m 
LL 
.- 

m 

(0 

v) x 
m 

u 9  

E 
F 

N 

0 

349 



L 



9% Wt Loss 

N w A 

Oi--==- 

N 
0 0 

2, 2 z  
9 
0 
Z m  
no 
-0 

v 

m 
0 0 

0 
0 0 

P r o p o r t i o n  ( % I  Per  Ref lectance Racge of  0.1% 

9 
I - 

D 

% 

9 

w 

35 1 


